-INTRODUCTION
Amorphous phase formation by mechanical alloying was first reported by A. Y. Yermakov et a1 /l/ and C.C. Koch I21 for the CO -Y and Ni -Nb systems respectively. Subsequently such an amorphization process has been observed in many other binary alloy systems, starting from elemental crystalline powders, e.g., Fe -Zr 131, Ni -Zr 14 -61, Ti -Pd 171, Ni -Ti, CO -Ti, Fe -Ti 18 -101, Ti -Cu nll, CO -Sn n21, or from a mixture of intermetallic compounds in the Ni -Zr system /l3 -151. Amorphization by M.A. is usually obtained in the case of binary alloys exhibiting a large negative heat of mixing and for which one of the elements is a fast diffiser ll61. In this paper, we report on the crystal to metastable phase (i.e. amorphous phases, supersaturated solid solutions and/or non equilibrium compounds) transition induced by ballmilling in a pure element -a Si powder and in two immiscible aIloys -Si/Sn and SiIZn. The Chemitronic -Gmbh -300 Qcm n and 3000 Rcm p) are introduced in a cylindrical tempered steel (12%Cr, 2%C) container of capacity 45 ml. This procedure occurs in a glove box filled with purified argon. Each container is loaded with five steel balls 1.5 cm in diameter and 14g in mass. As the containers are sealed in the glove box with a Teflon 0 -ring, the milling has been proceeded in stationary argonBal1 milling is carried out using two FRITSCH planetary high energy BM equipments (Pulverisette P7/2 and P512). For the last machine, two intensity settings are chosen which are mentioned later as P512(10) and P5/2(5). The different ball -milling conditions will be referred hereafter as Si(a), Si(b), Si(c) for the P7/2, P5/2(10), P5/2(5). The higher energetic conditions correspond to Si(a), the lower ones are related to Si(c). the X -ray wavelength, B the linewidth (expressed in 2 9)and 9 the diffraction angle 43.1 BM Si XRD ~a t t e r r a~. -F'ig 3a, 3b and 3c exhibit the various X -ray diffraction patterns which have been obtained for Si (a), Si(b), Si(c) respectively. Applying the Scherrer formula to the best fit which may be obtained by the AEiFfit program (see /17,18/) leads to a mixture of microcrystallites, nanocrystallites and an amorphous phase. Such a classification appears to be schematic since, but with the AEiFfit program deconvolution, it is not possible to introduce a continuous variation of the effective size of the particles. Nevertheless, it qualitatively gives the range of the effective diameters of the Si particles (see Table 2 ). amorphous phase has been detected but a new tetragonal phase has been identified with lattice parameters which are strongly different from the BM powder are listed in 
B -:
.5 -. Fig. 5 exhibits a typical selected area diffraction pattern on which the typical microcrystalline structure is revealed. Furthermore, in spite of the fact that the rings corresponding to the 12201 and L3111 indexations exhibit some clear spots, the first ring exhibit a continuous diffuse intensity. This may be expIained by an overlap of different contributions. Indeed, as shown by the X -ray diffraction pattern study, the first ring corresponding to the first distance C 1 1 1 1 in Si has several contributions : two (at least) crystalline contributions plus the first diffuse halo corresponding to the presence of the amorphous phase. Such an overlap will lead to a continuous diffuse intensity for the first ring.Furthermore between the C2203 and 13111 rings, a diffuse intensity is observed (indicated by an arrow). It corresponds to the second diffuse peak (second shoulder) of the amorphous phase. Then such an electron diffraction pattern is in good agreement with the previous analyses of the X -ray diffraction patterns. As the diameter of the selected area is about the micrometer scale, we may affirm that the both structures -crystalline (microcrystalline andlor nanocrystalline) and amorphous phase coexist at the micrometer scale. 
-T R A N S V O N MICROSCOPY -

TEMPERATURE (OC)
The crystallization peak position is 694°C and 720°C for heating rates of 2.5 "Clmin. and 10 "Clmin. respectively.The activation energy of the Si amorphous phase crystallisation has been determined by the Kissinger method I201 and is equal to 323 k~mol-l(or 3.35 e~a t -1 ) D71. Further investigations have to be performed in order to compare the thermal response of the binary alloys with the BM Si powder.
3.1 -BALL -MILLED S1 POWDER -The above experimental results lead to the existence of a dynamic equilibrium between amorphous Si -phase and polycrystalline Si -phase induced by ball -milling. Other techniques lead to the obtention of a Si amorphous phase, vapor deposition [211, LASER surface treatment C221 or ion irradiation with 1.8 MeV krypton ions [23] . Nevertheless, such techniques only lead to the formation of a thin film (vapor deposition) or just modify a thin thickness of the exposed surface of the material (LASER andlor ion irradiation). Further investigations and better knowledges of the mechanism of the phase transition may lead to the obtention of a three -dimensional amorphous Si phase by ball -milling.Notice that the value of the lattice parameter corresponding to the larger particle size (a2) is in agreement with that obtained by H. Kiendl : aSi = 0. 54310 nm [19], the lattice parameter corresponding to the lower particle size exhibits a relative difference of 0.2 % for Si (I), 0.1% for Si (11). S. Veprek et a1 [21] studied the formation of amorphous silicon during condensation from the vaporous phase and determined a critical grain size (depending on the stress deposition conditions) below which the crystalline structure becomes unstable. According to their results, the critical particle size and the corresponding lattice expansion a t which the diamond lattice becomes unstable with respect to the amorphous phase under the ball -milling conditions which have been used in our experiments, can be estimated to be :
Si(a) cPc=4nm
Aac -0.1%
Si(c) @c = 8 n m Aac = 0.0 % Therefore, the crystal to amorphous phase transition may be explained by a refinement of the grain size of the particle which leads to a destabilization of the diamond structure, the critical size of the particle seems to be affected by the ball -milling conditions and the Aac value shows a strong correlation with the latter : the higher the energy input during the ball -milling, the larger the value of Aac. Now, let us consider about the thermal behavior during the DSC experiments. Notice that the same kind of the various contributions, i.e. a low temperature exothermic peak, an intermediate temperature endothermic peak and a high temperature exothermic crystallization event have been also encountered for the Ni -Zr system A51. In the just mentioned work, the origin of the various peaks have been interpreted as a relaxation of the stressed intermetallic compounds (exothermic contribution), followed by a local equilibration between the amorphous phases and the in -situ relaxed compounds leading to a change in composition of the amorphous phases (endothermic effect since the heat of mixing is negative), and a t higher temperature, the crystallization of the various amorphous phases (exothermic events). Such an interpretation for the both exothermic contributions which are obtained for the ball -milled Si thermal analysis is also consistent. In the present work, considering that the (Fe -Cr) contamination is very minor, the Si powder behaves as a pure element. Thus, for explaining the intermediate temperature endothermic contribution, we propose to replace the composition parameter which may be considered as one of the components of the configuration space by another parameter -which remains to be determined -but which may be the configuration space distribution of the Si atoms -in the amorphous state -in dynamic equilibrium with the crystals.
;t2 -BM SIISN AND SI/ZN POWDERS -The XRD patterns analyses have revealed the simultaneous presence of two crystalline phase and and amorphous phase. As the crystalline phases exhibit the same structure as the pure elemental one but with an increase in the lattice parameters, we may propose that an extension of the solubility have been obtained by the ballmilling process leading to the formation of such supersaturated crystalline solid solution. R. Birringer et al. I241 have demonstrated the influence of the crystal grain size on the solubility of some elements : the solute solubility of the nanocrystalline materials may be several orders of magnitude larger than in the case of the single crystals : the solubility of Bi (at 373K) in the nanocrystalline Cu grains (10 n m crystal size) was 4% and <10-4% in the Cu single crystals. Such a similar effect may be proposed to explain the variation of the crystalline lattice parameter. A so large solute content may also explain the formation of the amorphous phase which may be due to a chemical supersaturation instability of the crystalline lattice.
Based on experimental investigations, the crystal to non equilibrium phase transition induced by ball -milling has been observed in the case of a pure element -Si and in the case of two binary alloys which exhibit a positive heat of mixing -SUSn and SUZn. The observation of such transition supports the idea that the mechanism of the non -equilibrium phase transition induced by ball -milling has to be distinct from the one leading to the amorphisation by interdiffusion of a multilayered system.
